R
ecently, a new oral complication of cancer treatment was identified: bisphosphonateassociated osteonecrosis (BON). In this position paper, our goals are to educate the community of practicing dentists about bisphosphonates, the medications associated with this oral complication; the patient population at risk and the diseases being treated with this class of medications; the clinical presentation of the oral lesions of BON; the guidelines for the management of care of patients who develop BON; the prevention of this complication based on current knowledge; and recommendations for the routine dental treatment of patients receiving bisphosphonate therapy. These recommendations are based on expert opinion because at this time, there are no available randomized controlled trials that support any effect on patient management and outcomes. The oral lesions associated with bisphosphonates are similar in appearance to those of radiation-induced osteonecrosis. Clinically, they appear as ragged oral 1,2 The lesions are persistent and do not respond to conventional treatment modalities such as débridement, antibiotic therapy or hyperbaric oxygen therapy. The presence of these lesions complicates the oncological, nutritional and oral management of affected patients.
BACKGROUND
A review of bisphosphonates. Bisphosphonates are synthetic analogues of inorganic pyrophosphate that have a high affinity for calcium. They clear rapidly from the circulation, bind to bone mineral and concentrate selectively in bone. If not incorporated into the bone's mineral matrix, bisphosphonates are eliminated in urine. [3] [4] [5] [6] [7] Bisphosphonates are potent inhibitors of osteoclastic activity. 6 All bisphosphonate compounds accumulate over extended periods of time in mineralized bone matrix. Depending on the duration of the treatment and the specific bisphosphonate prescribed, the drug may remain in the body for years. 8 During bone resorption, bisphosphonates are released from the bone and may be either reincorporated into newly formed bone or phagocytized by osteoclasts. 6 The latter process results in loss of osteoclasts' ability to resorb bone and promote apoptosis or programmed cell death. Osteoblastinduced osteoclastic bone resorption is another important action that may be affected by bisphosphonates. [9] [10] [11] Therefore, physiologic bone deposition and remodeling are severely compromised in patients receiving bisphosphonate therapy. 12, 13 Additionally, bisphosphonates have antiangiogenic properties and may be directly tumoricidal, making them an important agent in cancer therapy. 14, 15 Bisphosphonates are used to treat osteoporosis, Paget's disease of bone and hypercalcemia of malignancy. In patients with osteoporosis, it is expected that bisphosphonates will arrest bone loss and increase bone density, decreasing the risk of pathologic fracture resulting from progressive bone loss. 16 Bisphosphonates are given to patients with cancer to help control bone loss resulting from metastatic skeletal lesions. 3, 6 They reduce skeletal-related events associated with multiple myeloma (such as fractures) and metastatic solid tumors (such as breast, lung and prostate cancers) in the bones. 6, [17] [18] [19] [20] [21] [22] [23] The physician's decision regarding which type of bisphosphonate to use depends on the type of medical condition being treated and the potency of the drug required. For example, orally administered bisphosphonates often are used in patients with osteoporosis, while the injectable bisphosphonates are used in patients with cancer who develop primary lesions of bone or skeletal metastasis.
Chemical structure and antiresorptive potencies. Bisphosphonates structurally resemble naturally occurring polyphosphates (pyrophosphates) and have demonstrated similar physicochemical effects. It is known that the parachlorophenol moiety central to the chemical structure of bisphosphonates is essential for binding to hydroxyapatite and for affinity to the skeleton. 6 Chemical variations of the lateral side chains R 1 and R 2 are one of the examples that can be observed in Figure 1 .
As seen in Table 1 , the presence of either an amino-terminal group or a cyclic nitrogencontaining side chain increases resorptive potency logarithmically.
PATHOBIOLOGICAL MECHANISM OF BISPHOSPHONATE-ASSOCIATED OSTEONECROSIS
The exact mechanism that leads to the induction of BON is unknown. However, risk factors have been recognized and may be classified as systemic and local (Table 2 , page 1661).
Bone remodeling is a physiologic function that occurs in normal bone. It removes microdamage and replaces damaged bone with new elastic osseous tissue. 8 This function takes place within small compartments called "bone multicellular units" (BMUs). 24 These units are composed of osteoblasts (pre-bone-producing cells), osteoclasts (bone-resorbing cells) and blood vessels. Bisphosphonates bind to bone and incorporate in the osseous matrix. During bone remodeling, the drug is taken up by osteoclasts and internalized in the cell cytoplasm, where it inhibits osteoclastic function and induces apoptotic cell death. 4 It also inhibits osteoblast-mediated osteoclastic resorption and has antiangiogenic properties. 3, 7, 25 As a result, bone turnover becomes profoundly suppressed and, over time, the bone shows little physiologic remodeling. 8, 13 The bone becomes brittle and unable to repair physiologic microfractures that occur in the human skeleton with daily activity. 26, 27 In the oral cavity, the maxilla and mandible are subjected to constant stress from masticatory forces. 13 Thus, it is expected that The need for repair and remodeling is increased greatly when there is infection in the maxilla or mandible, and/or when an extraction is performed. In some patients using bisphosphonates, the bone is unable to meet these increased needs, both because of its reduced ability to remodel and turn over and because of hypovascularity, which results in osteonecrosis. 28, 29 Therefore, BON results from a complex interplay of bone metabolism, local trauma, increased demand for bone repair, infection and hypovascularity ( Figure 2 ).
Patients receiving bisphosphonates intravenously clearly are more susceptible to BON than are those receiving the drug orally. Other comorbid factors may play a role, but the extent of their influence has yet to be determined. These include systemic factors such as the presence of diabetes mellitus, overall tumor burden and stage In patients who develop BON spontaneously, the most common initial complaint is the sudden presence of intraoral discomfort and the presence of roughness that may progress to traumatize the oral soft tissues surrounding the area of necrotic bone. Therefore, the diagnosis of BON is based on the medical and dental history of each patient, as well as the observation of clinical signs and symptoms of this pathological process.
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phosphonates seemed to be the only common link in all cases reported. Some patients were being treated concomitantly with steroids.
29,48,49
The most common clinical history associated with this process is absent or delayed hard-and soft-tissue healing after dental extractions. 29, 36, 41 Trauma induced by prosthodontic appliances also has been implicated in the initiation of this treatment strategies that would yield consistent resolution and healing of BON. 41 In fact, many cases had poor outcomes in spite of therapy, progressing to extensive dehiscence and exposure of bone.
41,48 Treatment strategies included local surgical débridement, bone curettage, local irrigation with antibiotics and hyperbaric oxygen therapy. 34, 41 However, none of these therapeutic modalities has proven successful. Therefore, the inability to manage lesions of BON compromises the oncological, nutritional and oral management of affected patients. Prevention of this condition is of paramount importance for these patients so that they receive the anticancer therapies so necessary for the best possible outcome of their neoplastic disease.
TREATMENT MANAGEMENT RECOMMENDATIONS
The treatment of patients receiving oral or intravenous bisphosphonate therapy is principally preventive in nature. Other management considerations involve modification of the dental treatment plan for a patient taking bisphosphonate medica- 30 Lugassy and colleagues 42 Purcell and Boyd 47 Melo and Obeid 46 Schirmer and colleagues 49 Viale and Lin 52 Maerevoet and colleagues 51 Sarathy and colleagues 53 Ficarra and colleagues 54 * Does not include cases from abstracts.
gins, no healing occurred in any of the patients treated in this study. 41 For this reason, preventive measures are of paramount importance. Until prospective studies of BON provide information about effective treatment protocols, the best approach is prevention, with the dentist and the physician working collaboratively.
A dentist should see all patients before intravenous bisphosphonate therapy begins. Patients who have been given oral bisphosphonates within the last three months also should undergo a dental evaluation. Anecdotal evidence points to a low incidence of BON's occurring less than six months after the beginning of bisphosphonate therapy. Therefore, needed dental therapy can be provided to these patients before the risk of developing BON increases.
Medical information that the dentist should obtain from the patient and the physician includes a complete review of all medical diagnoses, the diagnosis for which the patient will receive bisphosphonate therapy, history of cancer treatment and of oral complications associated with that treatment, expected toxicity resulting from the current treatment regimen, complete blood counts, the type of bisphosphonate that is going to be used and the administration protocol (including the expected duration of therapy). This medical information will guide the dentist in the development of a dental treatment plan that is based on the patient's current dental needs and medical health.
It is recommended that dentists follow existing guidelines for a dental consultation for the prevention of oral complications of cancer therapy (chemotherapy, radiation therapy, prehematopoietic stem cell transplantation). Elimination of all potential sites of infection must be the primary objective of this consultation. The goal of therapy should be to attain a state of good oral and dental health so that during the active phase of bisphosphonate therapy, only three to six months of maintenance hygiene appointments will be necessary. In this consultation, the following should occur: dA comprehensive extraoral and intraoral examination should be performed. A full-mouth radiographic series and a panoramic radiograph will help in the diagnosis of caries and periodontal disease, the evaluation of third molars and the identification of metastatic cancer and other bony pathology. dThe periodontal health status should be determined and appropriate therapy provided. Pocket elimination is of importance to reduce plaque accumulation, minimize chronic periodontal inflammation and minimize acute periodontal infections. dExtraction of teeth should be completed as soon as possible. dRestorative dentistry should be performed to eliminate caries and defective restorations. Crowns and more extensive fixed prosthodontic work may not be appropriate for some patients. Prosthodontic appliances should be evaluated for fit, stability and occlusion. Necessary adjust- ments should be made. dProphylaxis should be performed and oral hygiene instructions given. The patient also should be given information about BON and be made aware of the early signs of development of this condition. Once the active dental treatment is over, periodic follow-up visits should be scheduled to reinforce the importance of oral hygiene maintenance and to conduct a new oral examination. Management of dental care for patients with BON. Following are recommendations for the management of the dental care of patients with lesion(s) of BON. dRoutine restorative care may be provided. Local anesthetic can be used as necessary. dScaling and prophylaxis should be done as atraumatically as possible, with gentle soft-tissue management.
dAvoid dental extractions if possible unless the teeth have a mobility score of 3 or greater. Extractions should be performed as atraumatically as possible. Patients should be followed up weekly for the first four weeks afterward, then monthly until the sockets are completely closed and healed. If there is an indication for antibiotic use, amoxicillin-alone or in combination with clindamycin-may help to reduce the incidence of local infection. dTeeth that are extensively carious should be considered for endodontic therapy. They should be prepared as overdenture abutments. The crown should be cut off at the gingival margin. This is particularly important in patients in whom a previous extraction had resulted in BON. In these patients, extraction should be avoided whenever possible. dThe area of BON should be treated only with the objective of eliminating sharp edges of bone that may traumatize soft tissues. This is particularly important when the lingual aspect of the posterior mandibular arch is involved. Superficial débridement may be performed if necessary to eliminate areas that may further traumatize adjacent tissues. Clinicians should follow up with these patients every two to three weeks to reevaluate the areas and to ensure that they have not become suppurative. If the area around the exposed bone exhibits tender erythema and suppuration and/or sinus tracts, the patient should be treated with antibiotics until the areas resolve.
Microbiologic culture and sensitivity tests may be helpful; however, the clinician must realize that culture results do not always guarantee microbiological etiology since host oral flora also can colonize the necrotic bony surface. Use of a chlorhexidine mouthrinse three or four times a day also is recommended to reduce bacterial load and colonization.
A surgical approach with the aim of removing the necrotic bone and closing the site with healthy mucosa may be considered for patients with multiple myeloma who require hematopoietic stem cell transplantation. In a patient with exposed necrotic bone, the risk of undergoing high-dose conditioning chemotherapy in preparation for transplantation is unclear. The necrotic area may act as a portal of entry for bacteria; it may traumatize the adjacent soft tissues and cause ulceration, forming another portal for bacterial contamination. Furthermore, surgical manipulation may not lead to the closure of the necrotic site but to further increase of the osseous breakdown and dehiscence. If a surgical procedure is needed, patients should be informed of the possible risks and benefits. The role of hyperbaric oxygen therapy for the treatment of BON is not known at this time. dSoft vinyl appliances or obturators may help cover exposed necrotic bone to prevent further trauma to soft tissues. These appliances must not rest on the necrotic tissues. The interior portion of the flanges must be relieved so as not to deliver pressure to the diseased tissues but rather to serve as a barrier to protect them. Therefore, these appliances should not be designed for use during mastication. dAny existing prosthetic appliances should be re-evaluated to ensure that they fit well. Relining a denture with a soft liner to promote a better fit and to minimize soft-tissue trauma and pressure points is recommended. dOdontogenic infections should be treated aggressively with systemic antibiotics. When possible, identification of the responsible microorganisms and respective antibiogram is indicated. If empiric therapy is to be used, although penicillin is the first-choice antibiotic in dentistry, amoxicillin and/or clindamycin provide better bone penetration and a wider spectrum of coverage.
Routine dental treatment of patients taking bisphosphonates. Routine dental treatment of patients taking bisphosphonates is a challenge. There are no prospective scientific studies to support specific recommendations regarding whether providing dental treatment for patients taking a bisphosphonate drug places the patient at any risk of developing BON. A recent Internetbased survey 54 evaluated the incidence of BON in 1,203 patients receiving intravenous bisphosphonate therapy for the treatment of myeloma (904) or breast cancer (299). The patients were assessed for age, sex, diagnosis, type and duration of bisphosphonate treatment, the presence of a variety of dental problems and dental treatment. Of the 904 patients with myeloma, 62 had a diagnosis of BON and 54 had findings considered suspicious for early BON, giving a total of 116 of 904 patients (12.8 percent) . Of the patients with breast cancer, 13 had the diagnosis of BON and 23 had suspicious findings, for a total of 36 of 299 (12 percent). The same study 50 evaluated the time to onset of BON in patients receiving zoledronic acid or pamidronate. With data censored at 36 months, the researchers estimated that 10 percent of the patients taking zoledronic acid and 4 percent of those taking pamidronate developed BON. Furthermore, without censoring, the mean time to the onset of BON was 18 months for patients receiving zoledronic acid therapy and six years for patients receiving pamidronate therapy. This study showed that 81 percent of the patients with myeloma and 69 percent of the patients with breast cancer who developed BON had underlying dental disease, such as infection, or had had a dental extraction, as compared with 33 Questions regarding the viability of dental implants in patients taking alendronate for osteoporosis abound. The risk of developing BON after dental extractions, implant placement, and periodontal and other surgical procedures for patients taking oral bisphosphonates such as alendronate is unknown. The duration of the physiologic effect of these drugs is variable. Evidence shows that severe suppression of bone remodeling may occur during long-term alendronate therapy 13 and that bone resorption and formation markers may remain suppressed for the time during which the patient is taking the medication. 8, 12 At this time, it appears that the incidence of BON manifesting in patients taking alendronate for osteoporosis is low.
Discontinuation of bisphosphonate therapy. There is no scientific evidence to support discontinuation of bisphosphonate therapy to promote healing of necrotic osseous tissues in the oral cavity. The discontinuation of therapy must be discussed with the oncologist who prescribed the bisphosphonate for the patient. One must consider the risks and benefits of discontinuation. The half-life of intravenous bisphosphonates is reported to be years. Therefore, cessation of bisphosphonate therapy for a few months may have little effect on the bisphosphonate that has already incorporated into bone. However, other effects of bisphosphonates, such as the antiangiogenic activity, may be reduced, and this may help healing of the overlying mucosa. It is unclear whether stopping bisphosphonate therapy for a few months will increase skeletal-related events such as spinal cord fractures. Until prospective studies can be performed, institutions likely will come up with their own policies based on their own experiences and their patient population.
THE ROLE OF THE DENTIST
It is imperative that the general dentist and the dental specialist, as well as other medical professionals, become familiar with this condition. [52] [53] [54] It is equally important that dentists take a complete medical and medication history for every patient. Dentists should document carefully any history of cancer treated with bisphosphonates and, if they are unfamiliar with the condition, contact a local dentist familiar with it so that preventive measures as described in this position paper can be instituted promptly. The more information dentists can obtain about this unusual condition, the better they will be able to serve their patients in the future. Guidelines available are based mostly on individual experience in the management of BON.
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CONCLUSION
As new information becomes available and the results of well-designed prospective clinical trials are known, better preventive guidelines and patient management protocols based on scientific evidence will be developed. In the meantime, communication between dentists and medical oncologists must be improved to allow patients to have the best of both dental and medical treatment. Coordination of medical and dental care is of importance in the establishment of measures aimed at preventing the development of BON. Future research must focus on the understanding of the pathobiologic mechanisms that lead to the development of BON. Prospective studies will allow for the identification of significant risk factors that place a patient at risk of developing BON. Because information available regarding the risk of developing BON is based on expert opinion and clinical experience, patients who are receiving bisphosphonate therapy must be informed of the possibility of BON's developing after routine dental treatment. A consensus must be reached among the patient, the dentist and the physician before dental therapy begins. s
